Abstract-Behavior is one of the most important aspects of animal life. This behavior depends on the link between animals, their nervous systems and their environment. In order to study the behavior of laboratory animals several tools are needed, but a tracking tool is essential to perform a thorough behavioral study. Currently, several visual tracking tools are available. However, they have some drawbacks. For instance, when an animal is inside a cave, or is close to other animals, the tracking cameras cannot always detect the location or movement of this animal.
I. INTRODUCTION
Experimentation in animals, or in vivo testing, involves the use of model organisms as substitutes for humans. These types of tests are frequently used to investigate the causes and treatments of human diseases [1] [2] . However, carrying out these experiments in humans is contrary to bioethics. For this reason, a model organism is used to study specific biological phenomena that can be extrapolated to other species [3] [4] .
In the case of research for neuroscience, the most frequently used model organisms are rats and mice. This is because of their high rate of reproduction, their ease of handling and the great number of physiological similarities that they share with human beings. Therefore, the experimental conditions have to be adapted to the size and characteristics of these animals [5] . * Huge numbers of studies rely on animals moving freely within a controlled environment [5] [6] [7] ; for instance, those related to behavioral or memory research [6] [7] . The configuration of the environment may vary according to the needs of the experiment [10] [11] . In addition, they may have devices that react to the presence or actions of the subjects.
Knowing the positions of different animals within the space is essential. However, it is difficult for current visual tracking systems to locate the animals when they are in groups or inside a burrow.
While current visual tracking systems are useful, having an automatic tracking system [13] , which facilitates data collection by filtering events of interest to the researcher, would provide greater accuracy.
The RFID Assisted Tracking Tile (RATT) system we present in this paper allows tracking with a high number of subjects, enabling easy identification of each one at each moment. Moreover, it overcomes the drawback of losing the localization of the animals when they are in places where the camera cannot satisfactorily record. Finally, combining current visual tracking systems with the RATT system will improve the quality of the results of behavior research studies.
II. MATERIALS AND METHODS

A. RATT Concept
In order to investigate animals in controlled conditions, an automated experimentation environment was created as shown in Fig. 1 . This modular environment recreates the natural conditions of the animals to collect data from that are impossible to observe in current closed environments. One RATT environment is formed using several RATT tiles making the device easy to replicate and extend.
Each RATT tile ( 
B. LPC ARM
To control the entire system an LPC4088 from Embeded artists (Davidshallsgatan, Malmö, Sweden) was used. It has an ARM Cortex-M4F at a frequency of 120MHz, with 96KB of RAM and 512KB of FLASH integrated into the chip. It also has SPI, UART or I2C buses. This board contains USB and Ethernet ports, providing the necessary entire physical layer. The power is limited to 5-5.5V and the output regulator is shared, allowing external devices to be connected.
C. Control Board
A main board to allocate the LPC4088, a 5V power supply, connectors and communication buses was designed (Fig. 4) . The 5V power supply provides 3.5A for the electronic components. An auxiliary I2C bus was integrated into the PCB.
Communication with the nine RF boards is made through a parallel data bus with chip select control lines, so the RFID transceivers on each board can be controlled independently. Additionally, an I2C bus allows control of auxiliary features, like digital output power control.
To attach nine RF Boards to the Control Board nine connectors with only one plug position were used. This ensures that the RF Boards are connected properly. Moreover, to prevent malfunction, a power indicator line was created. This power indicator line turns off all the systems in case the external power supply is disconnected.
D. RF Board
The RF board (Fig. 5 ) features a digitally controlled RFID transceiver and a radiofrequency power amplifier. The used transceiver is a TRF7960A (Multi-Protocol Fully Integrated 13.56-MHz RFID Reader/Writer) transceiver from Texas Instruments (Dallas, Texas, USA). The power amplifier is based on that featured in an application note from the transceiver manufacturer. It is a class E amplifier connected with impedance-matching circuits to a 50Ω antenna.
This amplifier has an emission power of up to 4W. The output power is set by a digital potentiometer, which is controlled by software. The device is controlled via the I2C bus and is connected to the global reset line so that it selects a minimum power for the amplifier as a safety measure in case the digital supply of the tile is not correct.
E. RFID Tags
RF-HDT-DVBB tags from Texas Instruments were used for development and testing. These transponders are compatible with the ISO/IEC 15693 standard requiring a field of 112dBμA / m for activation and encapsulated in the form of a 3 cm diameter coin. Therefore, they are unable to be located inside the animals' bodies. Nevertheless, this problem was solved with standard units enclosed in biocompatible glass as shown in Fig. 6 . 
F. UDP communication
Each electronic tile uses the Ethernet (Fig. 7) connection to connect to a control computer; it receives the information from the different tiles to perform the necessary triangulation calculations and provides control and synchronization functions.
G. RFID Antennas
Hexagonal shaped antennas were developed for the RFID tags detection as shown in Fig. 8 . This shape was chosen to optimize the space and the magnetic field distribution. Three antennas were positioned in three different rows at the bottom of the tile. A grid of passive tuned coils were positioned on top of each tile in order to improve the magnetic field characteristics.
H. Triangulation
The triangulation software displays a map of the tile and the position of each detected tag. The image is refreshed periodically, each time a new set of positional data is received. To calculate each tag coordinates, the diffusion algorithm [14] is used. (1)
III. RESULTS AND DISCUSSION
Simultaneous localization of multiple RFID tags was achieved. In this way it was possible to obtain readings as shown in Fig. 9 , which shows the relationship between the various real positions of the tags and those measured by the system. An interesting result is the existence of inductive interaction between tags when they are close together. These create variations in RSSI (received signal strength indication) readings. In this way, and with the transceivers used, three zones can be identified:  Short distance tags (<5cm): When the tags are so close, the error is still 5cm but the relative positions are not maintained.
These tests were performed with the 3 cm RFID coin tags. When testing with the biocompatible crystal tags the quality of the received signal varied depending on the dimensions of the tags. While the 22 mm tags were easily detected and properly positioned by the system, it was not possible to detect the 12 mm ones in most cases.
The discrepancies in signal strength among different tags is due the different induction coefficient their internal antennas have. A close matching between the reader antenna and the tags' antennas is needed in order to achieve maximum signal transmission. This will be solved in future revisions by redesigning the geometry of the antennas with a smaller diameter and higher turn count.
IV. CONCLUSIONS
In order to complement current visual tracking systems, a radio frequency tracking system, which overcomes their limitations, was developed. The challenge was to create a RFID tracking system which could be combined with existing visual tracking systems in order to improve the location and identification of laboratory animals in controlled environments.
The RATT system was designed to take into account the difficulties of experimenting with movement of small animals. This system is composed of electronic tiles, which have RFID antennas, to improve the tracking and the identification of the animals. It was designed in a modular fashion in order to be adaptable and easily maintained.
The RATT system, as well as providing identification functions, gives coverage in places where visual tracking is not possible. This vastly improves the quality of the results of behavior research studies.
